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An alga with mucilaginous matrix around the cell wall was isolated from the 
bark of Ulmus campestris var. vulgaris collected from Christchurch, New Zealand. 
The cells when young are ellipsoidal to narrowly ellipsoidal in shape, and ovoid or 
spheroidal when mature. The chloroplast of young cells is trough-like or cup-shaped 
with smooth margin, while that of mature cells is often divided into a few lobes. The 
unbranched thylakoid lamellae penetrate the pyrenoid in almost parallel arrangement. 
Many starch grains are often located around the pyrenoid. The cells are capable of 
producing 2-4-(8) autospores. These characteristic features agree fundamentally with 
those of the genus Coenocystis Korsikov, the family Radiococcaceae, but any de¬ 
scribed species of this genus do not share the gross morphology with our alga. The 
alga is, therefore, recognized as a new species named Coenocystis inconstans 
Hanagata & Chihara. 
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Introduction 

One of the significant features which 
characterize the family Radiococcaceae Fott 
et Komarek is the presence of mucilage 
around cells. Komarek and Fott (1983) di¬ 
vided the family into four subfamilies, 
mainly on the basis of the features of the 
surrounding mucilage: the Radiococcoideae, 
the Disporoideae, the Dictyochlorelloideae 
and the Palmodictyoideae. 

The genus Coenocystis Korsikov (1953), 
with C. planctonia Korsikov as the type, is 
a member of the Radiococcoideae. Komarek 
and Fott (1983) listed seven species and two 
varieties in this genus, most of which in¬ 


habit freshwater. In the course of our stud¬ 
ies of bark-inhabiting green algae, many 
specimens were collected and their tax¬ 
onomy has been studied by light and elec¬ 
tron microscopy (Hanagata et al. 1996a, 
1996b, 1997). We encountered an alga with 
a mucilaginous matrix around the cells 
among the bark samples collected from New 
Zealand and the alga was recognized as a 
new species of Coenocystis on the basis of 
morphological features. In this paper the 
description of the new species, Coenocystis 
inconstans Hanagata & Chihara, and its phy¬ 
logenetic position inferred from 18S rDNA 
sequence data are presented. 
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Materials and Methods 

Coenocystis inconstans was isolated from 
the bark of Ulmus campestris var. vulgaris 
collected by one of us, M. Chihara from 
Christchurch, New Zealand, on 31 Decem¬ 
ber, 1995. The alga examined in this study 
was cultured in Bold’s basal medium (Bold 
1949). The methods of obtaining and grow¬ 
ing the unialgal culture, and the procedure 
of transmission electron microscopy were 
obtained in a previous paper (Hanagata et al. 
1996a). The strain described here is main¬ 
tained in the Environmental Biotechnology 
Laboratory, Research Center for Advanced 
Science and Technology at the University of 
Tokyo. 

Total DNA was extracted in TE buffer 
(10 mmol/L Tris-HCl, 1 mmol/L EDTA, pH 
8.0) using a mortar and pestle in the pres¬ 
ence of glass microfibre filter (Whatman 
GF/B). The polymerase chain reaction 
(PCR) protocols (Saiki et al. 1988) was fol¬ 
lowed for the amplification of 18S rDNA 
region. PCR amplification was conducted 
with 30 cycles of 94°C for 1 min, 55°C for 
1 min, and 72°C for 2 min. The PCR prod¬ 
uct was directly sequenced using a DNA 
autosequencer ABI 377 (Applied 
Biosystems, Foster City, CA, USA) with the 
dye termination method. Primers used were 
reported by Nakayama et al. (1996). Acces¬ 
sion number of Coenocystis inconstans is 
AB017435. 

The determined sequence was manually 
aligned with other previously known ones. 
The sequences included in this study are as 
follows (accession numbers): Chlorella 
ellipsoidea Gerneck (X63520), Chlorella 
kessleri Fott et Novakova SAG 211-llg 
(X56105), Chlorella mirabilis Andreeva 
(X74000), Chlorella saccharophila (Kruger) 
Migula (X63505 and X73991), Chlorella 
sorokiniana Shihira & Krauss SAG 211 -8k 
(X62441), Chlorella vulgaris Beijerinck 
SAG 211-1 lb (XI3688), Choricystis minor 
(Skuja) Fott (X89012), Dictyochloropsis 


reticulata Tschermak-Woess (Z47207), 
Fusochloris perforata (Lee & Bold) Floyd, 
S. Watanabe & Deason (M62999 as 
Characium performatum), Gloeotilopsis 
planctonia Iyenger & Philipose (Z28970), 
Microthamnion kuetzinganum Nageli 
(Z28974), Mychonastes zofingiensis (Donz) 
Kalina & Puncocharova (X73996 as Chlo¬ 
rella zofingiensis ), Myrmecia biatorellae 
Boye-Petersen (Z28971), Nanochlorum 
eucaryotum Wilhelm et al. (X06425), 
Scenedesmus fuscus (Shihira & Krauss) 
Hegewald (X73995 as Chlorella fusca), 
Tetraselmis striata Butcher (X70802), and 
Trebouxia impressa Ahmadjian (Z21551). 
The data set excluded the ambiguously 
aligned regions and was 1754 base pairs in 
total length. 

Sequences were analyzed with both the 
maximum parsimony and the distance ma¬ 
trix methods. The maximum parsimony 
analysis was implemented with the PAUP 
computer program (version 3.1.1; Swofford 
1993) using a heuristic search under the 
unweighted scheme. A random addition of 
sequence with 10 replicates and a branch¬ 
swapping algorithm (TBR) was used. For 
the distance matrix method, Kimura’s two- 
parameter method (Kimura 1980) was used 
for the calculation of the distance matrix and 
neighbor-joining method (Saitou and Nei 
1987) to construct the tree. These proce¬ 
dures were conducted with CLUSTAL W 
(Thompson et al. 1994) and PHYLIP 
(Felsenstein 1993). Supporting for internal 
branchs in both the trees constructed with 
the maximum parsimony and neighbor-join¬ 
ing methods were estimated by the bootstrap 
analysis (Felsenstein 1985). 

Description 

Coenocystis inconstans Hanagata & 
Chihara, sp. nov. 

Alga unicelluaris, solitaria vel colonialis 
in matrice gelatinosa. Cellulae juveniles 
ellipsoideae vel anguste ellipsoideae, rectae 
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vel curvatae, 2.5-4.0 x3.5-7.5 Jim. Cellulae 
maturae ellipsoideae vel ovatae, 3.5-6.5 x 
5.0-9.5 jam, vel sphaericae, 3.5-8.0 jam in 
diametro. Chloroplastus unus, parietalis, 
cupulatus, saepe margine grandi lobus. 
Pyrenoides singla, granis amylaceis 


numerosis circumcincta. Matrix pyrenoidis 
per lamellas parallelas invasa. Reproductio 
asexualis per 2-4-(8) autosporas effecta. 
Autosporae ellipsoideae vel anguste 
ellipsoideae, 2.0-4.0 x 3.0-6.0 pm. Sub¬ 
stantia carotenoide secundaria carens. 



Figs. 1-9. Coenocystis inconstans, sp. nov. 1. Young vegetative cell. 2-4. Mature vegetative 
cells. 5. Aggregation of cells surrounded by mucilaginous substance. 6, 7. Colony embed¬ 
ded in common mucilaginous matrix. 8, 9. Autospores in parent cells. 
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Holotype: Figure 14. 

Type locality: Christchurch, New 
Zealand. 

Habitat: Specimens examined were iso¬ 
lated from the samples attached on the bark 
of Ulmus campestris var. vulgaris. 

Type culture: Christchurch, New Zealand, 
31 December 1995. Strain K4-3 is deposited 
in the Culture Collection of Environmental 
Biotechnology Laboratory at Research Cen¬ 
ter for Advanced Science and Technology, 
The University of Tokyo. 


The alga is unicellular and solitary or in 
colony embedded in a common gelatinous 
matrix. The cells are surrounded by a mu¬ 
cilaginous substance, whose matrix is not 
stratified. Young cells are ellipsoidal or nar¬ 
rowly ellipsoidal, sometimes ovoidal and 
curved, 2.5-4.0 x 3.5-7.5 pm in size, 
with rounded ends. Mature cells are ellipsoi¬ 
dal to ovoid, 3.5-6.5 x 5.0-9.5 pm in 
size, or spheroidal, 3.5-8.0 pm in diameter. 
The cell wall is composed of a single layer, 
0.04-0.12 pm thick and smooth on the sur- 



Figs. 10-14. Coenocystis inconstans sp. nov. (10-12. Photomicrographs. 13, 14. Transmission electron 
micrographs). 10. India ink preparation to show the presence of mucilaginous substance around cells. 
11. Mature ellipsoidal cells. 12. Mature spheroidal cells. 13. Young vegetative cells. 14. Mature veg¬ 
etative cell. 
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face. The chloroplast is parietal and cup¬ 
shaped, often with deeply divided lobes. The 
chloroplast consists of thylakoid lamellae 
that are arranged in several almost parallel 
rows. Several electron-dense granules, 
called plastoglobuli, are usually present 
among the thylakoid lamellae. A pyrenoid is 
present, but hardly distinguished from the 
chloroplast stroma. The pyrenoid is pen¬ 
etrated by unbranched thylakoid lamellae in 
almost parallel arrangement. Several starch 
grains are present among the thylakoid 
lamellae and also around the pyrenoid ma¬ 
trix, but starch accumulation is usually poor. 
Each cell has a single nucleus at the center, 
which contains a nucleolus. Reproduction 
takes place by formation of 2—4—(8) 
autospores. The autospores are ellipsoidal to 
narrowly ellipsoidal, 2.0-4.0 x 3.0-6.0 pm 
in size. The empty parent cell wall was not 


observed. 

Phylogenetic position 

Maximum parsimony analysis of the 18S 
rDNA sequences resulted in the single par¬ 
simonious tree (Fig. 15A). The length of 
the most parsimonious tree was 647 steps 
with a consistency index of 0.658. The tree 
constructed with neighbor-joining analysis is 
shown in Fig. 15B. In both trees 
Coenocystis inconstans is placed in the 
Trebouxiophyceae and formed a monophyl- 
etic relationship with Chlorella ellipsoidea 
and Chlorella mirabilis, although the boot¬ 
strap value supporting the monophyly is 
relative low (68 % in the maxium parsimony 
and 72 % in neighbor-joining analysis). 

Discussion 

Our alga has a mucilaginous matrix 
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Fig. 15. Phylogenetic trees inferred from 18S rDNA sequences. A total 1754 nucleotides were 
considered. The numbers on the branches indicate bootstrap values (1000 replicates) larger 
than 50 %. A. Single most parsimonious tree generated by a heuristic searches in PAUP 
computer program. B. A distance tree constructed with the neighbor-joining method us¬ 
ing CLUSTAL W computer program. 
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around cells, and asexually reproduces by 
means of autospores. These features show 
that our alga belongs to the subfamily 
R a d i o c o c c o i d e a e , the family 
Radiococcaceae. This subfamily includes 
eight genera: Schizochlamydella Korsikov, 
Coenochloris Korsikov, Thorakochloris 
Pascher, Radiococcus Schmidle, 
j Eutetramorus Walton, Coenocystis 
Korsikov, Coccomyxa Schmidle and 
Gloeocystis Nageli. According to Komarek 
and Fott (1983), these genera are distin¬ 
guishable from one another by the combina¬ 
tion of such characters as the presence or 
absence of stratification of the mucilaginous 
sheath, the shape of cells, the arrangement 
of autospores, and the shape and location of 
the empty parent cell wall. The subfamily 
Radiococcoideae can be divided into two 
groups on the basis of the presence or ab¬ 
sence of empty cell wall after the liberation 
of autospores: in one group, to which the 
former five genera belong, the empty cell 
wall remains, while in another, to which the 
latter three belong, it disappears. In our alga 
the empty parent cell wall is not observed. 
A character to separate Gloeocystis from 
Coccomyxa and Coenocystis is the presence 
of the stratified mucilaginous matrix 
(Nageli, 1849). The shape of cells and the 
arrangement of autospores of our alga are 
very similar to those of Coccomyxa 


Schmidle (1901) and Coenocystis Korsikov 
(1953). Difference between the two genera 
is the presence or absence of pyrenoid. 
Since our alga has a pyrenoid in the chlo- 
roplast and no stratification in the mucilagi¬ 
nous sheath, it falls into Coenocystis. The 
genus Coenocystis currently includes seven 
species. The main morphological features 
used in the classification at species rank of 
Coenocystis are summarized in Table 1. 
According to Komarek and Fott (1983), 
these species are divided into two groups on 
the basis of the shape of mature cells, one 
with spheroidal and the other with ovoidal 
to ellipsoidal. The former group includes 
only one species, Co. tapasteana Komarek, 
with a cup-shaped chloroplast. The mature 
cells of our alga are ellipsoidal to spheroi¬ 
dal in shape, and the chloroplast is cup¬ 
shaped often with deeply divided lobes, by 
which our alga differs from Co. tapasteana. 
The ovoidal to ellipsoidal group of 
Coenocystis is furthermore divided into two 
subgroups on the basis of the cellular mor¬ 
phology, one being symmetrical and the 
other asymmetrical. The mature cells of our 
alga are symmetrical in shape, although the 
young cells are sometimes asymmetrical. 
The mature cells of Co. planctonia, Co. 
subcylindrica Korsikov and Co. micrococca 
Komarek are symmetrically ovoidal in 
shape. Of these species, Co. planctonica and 


Table 1. Comparison of morphological features in species of Coenocystis 


Species 

Shape of 
mature cells 

Size of maure 
cells (pm) 

Symmetry or 
asymmetry of cells 

Number of 
autospores 

Shape of 
chloroplast 

Number of 
pyrenoid 

C. tapasteana 

spheroidal 

4.8-6 

symmetry 

(2)—4—8(—16) 

cup 

1 

C. planctnica 

widely ovoidal 

8-20 x (8-) 10-25 

symmetry 

4-8 

separated 

1 

C. subcylindrica 

widely ovoidal 

3.5—8.5 X5-12 

symmetry 

(2—)4—8(— 16) 

trough 

1 

C. micrococca 

ovoid 

1.6-2.4 

symmetry 

2(—4) 

cup 

1 

C. reniformis 

ellipsoidal 

6-7 x 10-12.8 

asymmetry 

(2—)4 

(not described) 

1 or 2 

C. asymmetrica 

ellipsoidal 

2-3.5 x 2.6-4.8 

asymmetry 

(2-)4 

trough, cup 

1 

C. quadriguloides ellipsoidal 

4-5 x10-12 

asymmetry 

4 

trickle 

1 

C. inconstans 

ellipsoidal to 
spheroidal 

3.5— 6.5 x 5-9.5 

3.5- 8 

symmetry 

2-4(-8) 

cup often with a few 
deeply divided lobes 

1 
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Co. subcylindrica form 4-8(-16) autospores 
in a parent cell, while our alga forms 2—4(— 
8) autospores. In addition, the size of cells 
is larger in Co. planctonica and Co. 
subcylindrica than in our alga. Coenocystis 
micrococca forms 2-4 autospores, but dif¬ 
fers from our alga in considerably smaller 
size of cells. Our alga is therefore recog¬ 
nized as a new species. 

The ultrastructural features of 
Coenocystis inconstans resemble those of 
Chlorella mirabilis observed by Hanagata et 
al. (unpublished) and of Parietchloris incisa 
(Reisigl) S. Watanabe (Watanabe et al. 
1996), especially in having a cell wall lack¬ 
ing a trilaminar structure and pyrenoid tra¬ 
versed by unbranched thylakoid lamellae in 
almost parallel arrangement. The 18S rDNA 
tree shows that Co. inconstans forms a 
monophyletic relationship with Ch. 
mirabilis. The main distinction of P. incisa 
from Co. inconstans and Ch. mirabilis con¬ 
cerns the method of reproduction. In Co. 
inconstans and Ch. mirabilis asexual repro¬ 
duction takes place by the formation of 
autospores, while in P. incisa by the forma¬ 
tion of zoospores. 

The genus Coenocystis has been placed in 
the Chlorococcales (Komarek and Fott 
1983). Recently, the chlorococcalean algae 
are divided into three groups according to 
features of their flagellar apparatus. Some 
algae with directly opposed basal bodies are 
now placed in the Sphaeropleales (Deason et 
al. 1991). The algae with counterclockwise 
orientation of basal bodies are now assigned 
to the Trebouxiophyceae (Friedl 1995), 
while the algae with clockwise orientation 
basal bodies remain in the Chlorococcales. 
This classification is supported by the phy¬ 
logenetic relationship (Friedl 1995, 
Nakayama et al. 1996). The taxonomic po¬ 
sition of Coenocystis can not be analyzed on 
the basis of the ultrastructural features of 
flagella apparatus, since this genus lacks the 
flagellate stages. We therefore follow at 


present the classification of Komarek anf 
Fott (1983) and tentatively place our new 
species Coenocystis inconstans in the fam¬ 
ily Radiococcaceae, the Chlorococcales, the 
Chlorophyceae. 

We should like to express our gratitude to 
Dr. Zvy Dubinsky, Bar Ilan University, Is¬ 
rael for his reading of the manuscript. This 
work was in part supported by a grant from 
the New Energy and Industrial Technology 
Development Organization to the Research 
Institute of Innovative Technology for the 
Earth, Japan. 

References 

Bold H. 1949. The morphology of Chlamydomonas 
chlamydogama sp. nov. Bull. Torrey Bot. Club 70: 
101-108. 

Deason T. R., Silva P. C., Watanabe S. and Floyd G. 
L. 1991. Taxonomic status of the species of the 
green algal Neochloris. PI. Syst. Evol. 177: 213- 
219. 

Felsenstein J. 1985. Confidence.limits on phylogenies: 
an approach using bootstrap. Evolution 39: 783— 
791. 

-1993. PHYLIP (Phylogeny Inference Package); 

version 3.5c. University of Washington, Seatle. 
Friedl T. 1995. Inferring taxonomic positions and test¬ 
ing genus level assignments in coccoid green li¬ 
chen algae: a phylogenetic analysis of 18S riboso- 
mal RNA sequences from Dictyochloropsis 
reticulata and from members of the genus 
Myrmecia (Chlorophyta, Trebouxiophyceae cl. 
nov.). J. Phycol. 31: 632-639. 

Hanagata N., Karube I. and Chihara M. 1996a. Bark- 
inhabiting green algae in Japan (1) Scenedesmus 
komarekii and Coelastrella multistriata var. 
multistriata (Scotiellocystoideae, Chlorellaceae, 
Chlorophyceae). J. Jpn. Bot. 71: 87-97. 

-,-and-1996b. Bark-Inhabiting green al¬ 
gae in Japan (2) Chlorella ellipsoidea and Ch. 
luteoviridis (Chlorelloideae, Chlorellaceae, 
Chlorococcales). J. Jpn. Bot. 71: 310-316. 

-,-and-1997. Bark-Inhabiting green al¬ 
gae in Japan (3) Chlorella trebouxioides and Ch. 
angustoellipsoidea, sp. nov. (Chlorelloideae, 
Chlorellaceae, Chlorococcales). J. Jpn. Bot. 72: 36- 
43. 

Kimura M. 1980. A simple method for estimating rate 
of base substitutions through comparative studies 



August 1999 


Journal of Japanese Botany Vol. 74 No. 4 


211 


of nucleotide sequence. J. Mol. Evol. 16: 111-120. 
Komarek J. and Fott B. 1983. Chlorophyceae 
(Grtinalgen), Ordnung Chlorococcales. In: Huber- 
Prestalozzi G. (ed.), Das Phytoplankton des 
Susswasser. Systematik und Biologie 7(1), 1044 
pp. Stuttgart. 

Korsikov O. A. 1953. Pidklas Protokokovi 
(Protococcinae). Vizn. prisnovodn. vod. URSR, 
Kiev 5: 1-439. 

Nakayama T., Watanabe S., Mitsui K., Uchida H. and 
Inouye I. 1996. The phylogenetic relationship be¬ 
tween the Chlamydomonadales and Chlorococcales 
inferred from 18S rDNA sequence data. Phycol. 
Res. 44: 47-55. 

Nageli C. 1849. Gattungen einzelliger Algen. 137 pp. 
Zurich. 

Reisigl H. 1969. Bodenalgen-Studien II. Osterr. Bot. 
Z. 116: 492-506. 

Saiki R.K., Gelfand D. H„ Stoffel S„ Scharf S. J., 
Higuchi R., Horn G. T., Mullis K. B. and Erlich H. 
A. 1988. Primer-directed enzymatic amplification 
of DNA with thermostable DNA polymerase. Sci¬ 
ence 239: 487-491. 

Coenocystis inconstans 

—a. — v — y y K • ^7^7, (2tjt$; 

c'fl tz Ulmus campestris var. vulgaris <£ b fp- 

M. L tzW.% %i>tz tsCs'BM (2 o v> T 

mil' 

<0^f7^^ OTiMClIU T'y 7° 

K, ttuzhfuy d K<DJifflt2 

ft b 12 Coenocystis H b — L, 21 

(Dx 7 &ogfcMf *V'CD-cffli b%$>. 


Saitou N. and Nei M. 1987. The neighbor-joining 
method: a new method for reconstructing phyloge¬ 
netic trees. J. Biol. Evol. 4: 406-425. 

Schmidle W. 1901. Beitrage zur Algenflora Afrikas. 
Engler’s Bot. Jahrb. 30: 58-68. 

-1902. Algen; insbesondere solche des Plankton, 

aus dem Nyassa-See und seiner Umgeburg, 
gesammelt von Dr. Fiilleborn. Engler’s Bot. Jahrb. 
32: 56-88. 

Swofford D. L. 1993. PAUP: Phylogenetic Analysis 
Using Parsimony, version 3.1.1 Laboratory of 
Molecular Systematics, Smithsonian Institution, 
Washington. 

Thompson J. D., Higgins D. G. and Gibson T. J. 1994. 
CLUSTAL W: improving the sensitive of progres¬ 
sive multiple sequence alignment through sequence 
weighting, positions-specific gap penalties and 
weight matrix choice. Nucl. Acids Res. 22: 4673- 
4680. 

Watanabe S., Hirabayashi S., Boussiba S., Cohen Z., 
Vonshak A. and Richmond A. 1996. Parietochloris 
incisa comb. nov. (Trebouxiophyceae, 
Chlorophyta). Phycol. Res. 44: 107-108. 


Coenocystis inconstans Hanagata & Chihara <Dfl[£i 
fcffijfcL tz. 18S rDNAiMOflSK 

M/^7 7y7lill2jg L, Chlorella 
ellipsoidea jo X- If Chlorella mirabilis b jft'M b lb 

tn^bb, jo 

& V' 21 btyb, 2122 "C (i Komarek and Fott 
(1983) <D55Hi2|£v\ BUM, 

7f f 13 y ^ xty-hzpfffg, b L tz. 




